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SPECIFICATION 

1. NAME OF INVENTION: 
Laser Printer 

2. PATENT CLAIM 

A laser printer, which works as follows. A laser beam modulated by an image signal is deflected 
with a polarizer. This deflected laser beam is reflected on a photoreceptor through an imaging 
lens and the electrostatic latent image is formed on the corresponding photoreceptor. At the same 
time, the corresponding electrostatic latent image, which is developed by a developing means, is 
transferred into a transfer medium. 

This laser printer is characterized by: a storage means memorizing plural continuing lines of 
image signals; an identification signal generating means dividing a main scanning direction into 
plural blocks and generating identification signals to distinct each block; a selection synthesizing 
means synthesizing an image signal output, after selecting and synthesizing data read from the 
storage means in response to the identification signals. Another characteristic of this laser printer 
is that laser beams are modulated by the image signal output with the above-mentioned selection- 
synthesizing means. 



TECHNICAL FIELD 

This invention deals with a monochromatic or color laser printer and is related especially to a laser 
printer, which can correct distortions of lines in the main scanning direction (the laser beam 
scanning direction). For a laser color printer, it is possible to correct color drifts in addition to 
distortions. 

CONVENTIONAL TECHNOLOGY 

These years, laser printers are becoming more and more important as an output device in office 
automation equipment. There are plans to colorize the output of such a laser printer. 

Diagram 7 shows an example of a color laser printer. First, four photoreceptor 1a, 1b, 1c, 1d are 
placed horizontally in determined intervals. Around these photoreceptors 1a, 1b, 1c, 1d, 
electrification chargers 2a, 2b, 2c, 2d, laser beam optical systems 3a, 3b, 3c, 3d, developing 
devices 4a, 4b, 4c, 4d, with toners of different colors (respectively black, yellow, magenta, cyan), 
transcription chargers 5a, 5b, 5c, 5d, and cleaning devices 6a, 6b, 6c, 6d etc. are arranged in 
accordance with electro-photographic process. 
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Here is a description of laser beam optical systems, taking laser beam optical system 3a as an 
example. For photoreceptor 1a, laser beam 7a, which is modulated by a color image signal, is 
emanated from laser light source 8a (including a collimate lens and all). Laser beam 7a is then 
irradiated on one of the reflective surfaces of rotating polygon mirror 10a, which rotation is 
activated by drive motor 9a. With this rotation, laser beam 7a is deflected and scanned. After this 
laser beam 7a gets through fe lens 11a, then it is reflected by first mirror 12a and second mirror 
13a. Finally, laser beam 7a is irradiated on photoreceptor 1a through the dust control glass. 

Because photoreceptor 1a is electrified by electrification charger 2a, an electrostatic latent image 
is formed by irradiation of laser beam 7a. Then this electrostatic latent image is developed with a 
toner of the appropriate color (for example black) in developing device 4a. 

This process of image forming can take place at the same time in laser beam optical systems 3b, 
3c, 3d for the other photoreceptor 1b, 1c, 1d. The same descriptions as above apply with the 
same numbers and subscripts b, c, and d respectively. 

For one color image to be achieved, transfer belt 16 is set up in transcribed area of photoreceptor 
1a, 1b, 1c, 1d and transfer paper 18, which is fed by paper feeding device 17, is transferred 
towards photoreceptors in order 1a, 1b, 1c, 1d by transfer belt 16. Visible images with respective 
colors on respective photoreceptors 1a, 1b, 1c, 1d are transcribed sequentially by actions of 
transfer chargers 5a, 5b, 5c, 5d. Transfer paper 18 gets through fixation device 19 and is then 
discharged by delivery roller 20. 

Diagram 8 is an oblique perspective figure of the main part in a laser beam optical system. On this 
diagram, laser beam optical system 3d is shown as an example but other laser beam optical 
systems 3a, 3b, 3c have the same structure. 21 d is a scan line formed by laser beam 7a on 
photoreceptor 1d. 

Diagram 9 is a block diagram of laser writing system using laser beams in the above-mentioned 
laser printer. In accordance with the diagram, the following is a brief description of signal 
processing in corresponding writing systems. 

Because it is necessary to align dot phases exactly between respective scan lines in a laser 
writing system, the timing of writing start has to be determined by detecting the positions of 
beams. In clock generation circuit 22, clock signal CLK is coordinated in phase with 
corresponding beam-detecting pulse SPD by using beam-detecting pulse SPD, which detects 



positions of beams. Then clock signal CLK is input in main scan counter 23, and a dot address is 
determined (each dot address sets a writing start point on address 0). In accordance with this dot 
address, main scan sequence circuit 24 determines scan sequence (data management in a line, 
for example effective area set-up). The main scan sequence circuit 24 controls timing within one 
scan line and outputs SYNC (line synchronization signal) and LGATE (image effective area setting 
signal). 

At the same time, image data D is transferred from a line to receiver driver 25 and is written in line 
buffer 27 with corresponding clock at data synchronous circuit 26. XCLK is an image clock given 
to the laser writing system from outside (image processor etc.). Line buffer 27 absorbs a 
difference of frequency between XCLK and CLK, which is the frequency generated from inside. 
One line data in line buffer 27 is input and is synchronized with internal CLK via date synchronous 
circuit 28. Then the data is output to LD driver 29. In corresponding LD driver 29, LD (laser diode) 
is modulated in response to this image data. Thus a latent image is formed on a photoreceptor. 

Such a laser printer needs an adjustment for overlapping (alignment) of each color image on 
transfer paper 18. It is because relative displacements (color drift) cause inferior quality image 
printing through modification or bleeding of colors. 
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Diagram 10 shows color drifts in the sub scanning direction (the transfer paper carrier direction) 
on transfer paper 18. To simplify the description, it is shown by overlapping images using image 
30a (equivalent of one line) from laser beam optical system 3a, and image 30d (equivalent of one 
line) from laser beam optical system 3d. Both images are in the main scanning direction (the laser 
beam scanning direction). 

Diagram 10 (a) shows that images 30a and 30d are overlapped without color displacement. The 
same diagram (b) shows that image 30d is out of alignment parallel to the sub scanning direction 
against image 30a. The same diagram (c) shows that image 30d inclines towards image 30a. The 
same diagram (d) shows a distortion of image 30d against image 30a. These are the three kinds 
of color drift in the sub scanning direction. 

In the case of diagram 10 (b), as shown on diagram 1 1 , it is possible to adjust the color drift by 
rotating second mirror 13d towards the direction indicated by the arrow, therefore laser beam 7d 
changes its scanning position towards photoreceptor 1d. In the case of diagram 10 (c), it is 
possible to adjust the color drift, by rotating the second mirror 13d towards the direction indicated 
by the arrow as shown on diagram 12, or by changing the inclination of the rotation axis (the main 
scanning direction) of photoreceptor 1d and the scan line (by laser beam 7d) as shown on 
diagram 13. 

In the case of image 30d shown on diagram 10 (d), the color drift is caused by a distortion of scan 
line 21 (by laser beam 7d) towards photoreceptor 1d as shown on diagram 7. This distortion of 
scan line 21 is caused by a deviation of a bus line in fB lens 1 1d or by discord between the light 
axis of laser beam 7d and a bus line in fG lens 1 1d. Those causes cannot be cleared by the 
adjustment of inclination with second mirror 13d or with photoreceptor 1d. 

Thus the conditions such as the ones illustrated on diagram 10 (b) and (c) can be fixed by the 
adjustment of the inclination of second mirror 13d or by the adjustment of photoreceptor 1d. But 
the condition (distortion) of diagram 10 (d) cannot be adjusted. Therefore, as mentioned before, 
there is a risk that color print quality becomes inferior because of color modification or color drift. 
A problem of inferior quality image printing, caused by the distortion described above, can also 
occur with a monochromatic laser printer. 



PURPOSE 

Therefore, the technical problem to be solved for this invention is remedying the problem of the 
conventional technology described above. Therefore the purpose is: to correct distortions in 
images in order to achieve a high quality printing image; to correct color drifts in order to achieve a 
high quality color printing image for a laser color printer. 

To achieve the purpose described above, this laser printer must perform as follows. A laser beam, 
modulated by an image signal, is deflected with a polarizer. This deflected laser beam is reflected 
on a photoreceptor through an imaging lens and the electrostatic latent image is formed on the 
corresponding photoreceptor. At the same time, the corresponding electrostatic latent image, 
which is developed by a developing means, is transferred into a transfer medium. 

This laser printer consists of: a storage means memorizing plural continuing lines of image 
signals; an identification signal generating means dividing a main scanning direction into plural 
blocks and generating identification signals to distinct each block; a selection-synthesizing means 
synthesizing an image signal output, after selecting and synthesizing data read from the storage 
means in response to the identification signals. Laser beams are modulated by the image signal 
output with the above-mentioned selection-synthesizing means. 

As described above, it is possible to synthesize an image signal output for the equivalent of one 
line because necessary data is selected from image signals in plural lines in accordance with 
respective blocks. Thus this invention can produce a high quality image printing, which minimizes 
image distortion as much as possible. 

EMBODIMENT 

This invention is illustrated with diagrams 1 to 6 as follows. 

Diagram 2 is a zoomed pattern diagram of scan dot lines having a distortion in an image (as 
above-mentioned diagram 10 (d)). 



Page 4 



Each dot of a scan dot line on a photoreceptor, for example each dot on the n-th line (marked with 
hatching), which should be formed on reference line L (as a straight line), is distorted as shown on 
the diagram. In this case, distortions in the sub scanning direction against the reference line are 
the equivalent of one dot in the center of the dot line, and the equivalent of one dot at both ends in 
the opposite directions from the center. The distortion amount of the scanning line is equivalent of 
two dots. 

With this invention, in order to correct distortions described above, a scanning area is divided into 
plural blocks in the main scanning direction. For example, it is divided into five blocks A, B, C, D, 
and E in the case of diagram 2. In blocks A, E, scanning dots on the (n+1)-th line is the closest to 
reference line L, in blocks B, D, scanning dots on the n-th line is the closest to reference line L, In 
blocks C, scanning dots on the (n-1)-th line is the closest to the reference line L. 

Laser beams are modulated: the (n+1)-th line with the original n-th line image signal in A and E 
blocks; the n-th line with the original n-th line image signal in B and D blocks; the (n-1)-th line with 
the original n-th line image signal in C block. 

In other words, laser beams in the n-th line are modulated with: the original (n-1)-th line image 
signal in A and E blocks; the original n-th line image signal in B and D blocks; the original (n+1)-th 
line image signal in C block. 



That is to say, image signals shown on diagram 4 are rearranged as shown on diagram 3. Thus 
laser beams are modulated by these rearranged image signals. 

The line corrected by the technique above is shown by dots with hatching on diagram 1. It means 
that the distortion with respect to a reference line L is reduced to the maximum of 1/2 dot up and 
down. 

Of course this is a simplified example. It goes without saying that distortions against reference line 
L can be less than 1/2 dot by setting the number of divided blocks, the position of the division, and 
the image shift amount of each block in the sub scanning direction in accordance with the amount 
and shape of distortion. Corrections like this can be executed individually by all laser beam optical 
systems 3a to 3d. Color drifts are also diminished together with correction of distortions. 

In the next part, an example of a circuit is shown by using diagram 5. The circuit rearranges 
original image signals to the sub scanning direction in accordance with each divided area in the 
main scanning direction and synthesizes new image signal outputs for each line. 

Basic structure of the circuit on the same diagram is: line memories, which use FIFO memory, 
FIFO (0) 31, FIFO (1) 32, and FIFO (2) 33; three states of bus buffers G (0) 34, G (1) 35, G (2) 
36, for selecting data read from FIFO (0) 31 to FIFO (2) 33; ROM 37, which generates selection 
signals SO, S1, S2 for determining the division and selecting reading data. The writing system for 
FIFO memory, the reading clock and the circuit for the pointer reset are abbreviated in this 
diagram because experts can easily reproduce them. 

The original image signal Vdo is input into FIFO (0) 31 and is stored in response to the writing 
clock. In accordance with the reading clock, reading data V0 from FIFO (0) 31 is input and written 
in FIFO (1 ) 32 at the next step and is also input to bus buffer G (0) 34 at the same time. In the 
same way, in accordance with the reading clock, reading data V1 from FIFO (1) 32 is input and 
stored in FIFO (2) 33 at the next step and is also input to bus buffer G (1) 35 at the same time. 
Reading data V2 from FIFO (2) 33 is input to G (2) 36. 

All procedures above are operated by line units. So to say, in response to line synchronization 
signal LSYNC, an image signal is transferred by each line from FIFO (0) 31 to FIFO (1) 32 and to 
FIFO (2) 33. 
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Controls by each line like this are abbreviated in this diagram but in accordance with the line 
synchronization signal LSYNC and the image clock CLK, experts can easily reproduce them. 

In the structure above, when the reading data V2 is the image signal on the (n+1)-th line, reading 
data V1 is always the image signal on the n-th line and reading data V2 [V2 might be mistaken for 
V0 - translator's note] is always the image signal on the (n-1)-th line. For ROM 37 address, dot 
address DA is given for setting each dot address (the position of dot) in one line. The selection 
signal SO to S2, as a reading data corresponding to address DA, sets a dividing method of a main 
scanning line, for example the signals in one line are generated with a timing as shown on 
diagram 6. On diagram 6, LSYNC and LGATE are the line synchronizing signal and the image 
effective area set point signal. Generating timing of selection signals S1 to S2 can be freely setup 
by ROM data and can be easily changed. Thus, if the distortions happen to be different in each 
laser beam optical system 3a to 3d, they can be corrected appropriately by setting ROM data. 
Diagram 9 is an example of generating timing of selection signals SO to S2 when the distortion as 
shown in diagrams 2 is corrected as shown in diagram 1 . 



In diagram 6, at the timing corresponding to A and E blocks (see diagram 1), selection signal SO 
becomes ON and at the same time bus buffer G (0) is ON. The original (n-1)-th line data (reading 
data in diagram 5) becomes image signal output Vd. In the same way, at the timing corresponding 
to B and D blocks, selection signal S1 becomes ON and at the same time the original n-th line 
data (reading data V1) becomes image signal output Vd. Also at the timing corresponding to C 
block, selection signal S2 becomes ON and at the same time the original (n+1)-th line data 
(reading data V2) becomes image signal output Vd. This image signal output Vd is delivered to a 
laser driver and is changed into a modulation signal, which modulates a laser diode. When there 
is a distortion (as shown on diagram 2) by the laser beam scan with the process above, it is 
possible to correct image distortions (as shown in diagram 1) by rearranging image data as 
described above. 

There are various available products, for example, nPD42505C (NEC) etc. for FIFO memory 
shown in diagram 5 and SN74LS244 (T1) etc. for three states bus buffers. 

As described above, because selection signals SO to S2 control the arrangement of image 
signals, it is possible to react against different image distortions in each laser beam optical system 
and in each device by setting the timing of generating SO to S2 as ROM data. And because the 
division of the main scanning direction can be freely setup, by using the same hardware, it is also 
possible to rearrange not only the quadratic curve formed shift but also an S-curve or a more 
complex formed distortion. 

However, when correction amount (distortion amplitude) is increased, it is also necessary to 
increase line memory (FIFO memory) etc.. In that case, it is preferable to use additional optical 
adjustment to avoid the need for extra hardware. 

For a laser color printer, the above-mentioned correction is executed to writing control systems in 
laser beam optical systems. Therefore, each color drift (displacement) in the sub scanning 
direction is corrected, therefore it is possible to achieve a high-grade image printing. In the 
embodiment mentioned above, corrections are executed against the ideal reference line L but for 
a laser color printer, the reference line can be one of the image lines in each coior 30a, 30b, 30c, 
30d. For example, when line 30a is a reference line, it is possible to mark displacements of 30b, 
30c, 30d and to bring the above-mentioned correction into operation against laser beam optical 
systems 30b, 30c, 30d. With this process, lines 30b, 30c, 30d are overlapped onto line 30a. That 
is to say, the correction means for laser beam optical system 3a can be deleted from the above- 
mentioned embodiment, without any effect on color drift. 



Page 6 



Besides, this invention can be applied not only to a laser color printer but also to monochromatic 
laser printer for correcting image distortion and achieving high-grade color image printing. 

Apart from the embodiment described before, it is possible to make different modifications without 
deviating from the principles of this invention. For example, instead of using a ROM table for 
generating selection signals SO to S2, the signals can be generated by sharing main scan 
sequence circuit 24 (shown in diagram 9) or by using simple random logic. Additionally, a regular 
RAM can be used as a line memory instead of a FIFO memory (in this case address management 
by dot address is required). 

EFFECT 

According to this invention, a high quality image printing, which minimizes image distortions as 
much as possible, can be produced. And for a laser color printer, the result is even more 
remarkable thanks to correction of color drift, which delivers high-grade image printing. 

I 



4.BRIEF DESCRIPTION OF DIAGRAMS 



Diagram 1 to 6 are for an embodiment of this invention 

Diagram 1: A pattern diagram showing zoomed scan dot lines after distortions are corrected. 
Diagram 2: A pattern diagram showing zoomed scan dot lines that have distortions. 
Diagram 3: An illustration showing alignments of image signal corresponding diagram 1. 
Diagram 4: An illustration showing alignments of image signal corresponding diagram 2. 
Diagram 5: A block diagram showing a circuit. The circuit rearranges original image signals to the 
sub scanning direction in accordance with each divided area in the main scanning direction and 
synthesizes new image signal outputs for each line. 

Diagram 6: A timing chart showing timings of generating selection signals that control 

rearrangement (synthesis) of image signals. 

Diagram 7: An illustration showing a prevalent laser color printer. 

Diagram 8: An oblique perspective figure of one of the laser beam optical systems. 

Diagram 9: A block diagram of a laser writing system. 

Diagram 10 (a) (b) (c) (d): Pattern diagrams illustrating different color drifts. 

Diagram 1 1 : An illustration showing one of the methods for correcting color drifts shown as 

diagramlO (b). 

Diagram 12: An illustration showing one of the methods used to correct color drifts shown as 
diagramlO (c). 

Diagram 13: An illustration showing another method used to correct color drifts shown as 
diagramlO (c). 

Diagram 14: An illustration showing scan lines corresponding to a color drift shown as diagram 10 
(d) on a photoreceptor. 

1a to 1d : Photoreceptors 

2a to 2d : Electrification chargers 

3a to 3d : Laser beam optical systems 

4a to 4d : Developing devices 

5a to 5d : Transfer chargers 

6a to 6d : Cleaning devices 

7a to 7d : Laser beams 

8a to 8d : Laser light sources 

9a to 9d : Drive motors 

10a to 10d : Rotating polygon mirrors 

11a to 11d : F8 lenses 

12a to 1 2d : First mirrors 

13a to 13d : Second mirrors 

15a to 15d : Dust control glasses 

16 : Transfer belt 

1 7 : Paper feeding device 
18 : Transfer paper 

19 : Fixation device 

20 : Delivery roller 

21a to 21 d : Scan lines 

22a to 22d : Clock generating circuit 

23 : Main scan counter 

24 : Main scan sequence circuit 

25 : Receiver Driver 

26 : Data synchronous circuit 

27 : Line buffer 

28 : Dada synchronous circuit 

29 : LD driver 

30a to 30d : Image of equivalent of one line 
L : Reference line 



31 to 33 : Line memory FIFO (0) to (2) 
34 to 36 : Bus buffer G (0) to (2) 
37 : ROM 
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